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Detailed Description of the Invention 



1 . Title of the Invention 

Laser processing for a thin film body 



2. Patent Claims 

Laser processing for a thin film body, in which, after a metallic layer is formed by vapor 
deposition on the surface of a thin film body, the above thin film body is cut or bored with a 
solid state laser. 

3. Detailed Description of the Invention 
Field in the Industry 

The present invention is related to laser processing of a thin film body. 

Prior Art 

Conventionally, for laser processing of a thin film body by cutting a film, as described in 
Japanese Patent Application Pubhcation No. Sho 56-1 5 11 89 or Japanese Patent Application 
Publication No. Sho 60-121090, generally a carbon dioxide gas laser is used. With a solid state 
laser, metals and ceramics can be processed, but cutting a resin film is difficult, due to low 
absorption. On the other hand, the carbon dioxide laser beam is highly absorbed by resin films 
and hence cutting is easy. 

Problems to be Solved by the Invention 

However, with the above method, using a carbon dioxide laser, due to the long 
wavelength, the spot diameter cannot be reduced. Accordingly, it is not suitable for fine 
processing for a cutting width smaller than 100 |im. 

The aim of the present invention is to address the above issue. It provides a laser 
processing for a thin film body, which allows for fine processing of film. 

Means of Solving the Problem 

To solve the above problem, the laser processing for the thin film body of the present 
invention uses a solid state laser, after a metallic layer is formed by vapor deposition on the 
surface of a thin film body, to cut or bore the deposited film. 

Mechanism 

By the above method, a deposited film can be cut or bored for the following reasons. 

It is difficult to use a solid state laser, such as a YAG laser, to cut or bore a resin film. 
Figure 1 shows the relafionship between the section of the deposited film and the intensity of the 
beam during the processing. Number 1 designates a solid state laser beam; 2 is a resin film; and 
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3 is the deposited metal. In the Gaussian mode, the laser beam 2j has the highest intensity on the 
optical axis, as indicated by 4. It becomes smaller and smaller as we go farther away. The 
deposited metal is removed when the beam intensity is higher than the threshold value 5. Thus, 
the resin film 2 absorbs little of the solid state laser beam 1 . However, a portion of the heat of 
melting or vaporization of the deposited metal 3 is conducted to the resin film 2. Moreover, at 
the inclined Hne portion of the Curve 4, showing changes of beam intensity, the temperature 
increases without removing the deposited metal 3. The melting point of the resin film 2 is 300°C 
lower than that of the metal in most cases. Accordingly, due to the fact that heat is conducted 
from the deposited metal 3 to the resin film 2, a solid state laser can be used to cut or bore the 
film. 

Moreover, the spot diameter d at the focal point of commonly used lenses is represented 
by the following formula (1): 

f . » 

<i= (1) 

Here, f is the focal distance of the lens; A. is wavelength; and r is the diameter of the incident 
beam. As it can be seen from the formula (1 ), if the focal distance of the lens and the diameter of 
the incident beam are identical, the spot diameter can be reduced at short wavelengths. Thus, the 
wavelength (1.06 [im) of a solid state laser, such as YAG laser, is shorter than that of carbon 
dioxide laser (10.6 ^m), and hence the spot diameter can be reduced for the cutting or boring 
process. 

Practical Examples 

In the following, a practical example of the laser processing for the thin film body of the 
present invention is described with reference to the attached figures. 

Figure 2 illustrates the laser processing for the thin film body of the present invention. In 
Figure 2, 6 is a solid state laser oscillator; 7 is a reflecting mirror; 8 is a light collecting lens; 9 is 
the deposited film; 10 is a supply roll; 1 1 is a winding roll; and 12 is a guide roll. The solid state 
laser beam 1 emitted from the solid state laser oscillator 6 is reflected by the reflecting mirror 7 
and then passes through the light collecting lens 8, collected onto the deposited film 9, to 
perform laser beam processing. 
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In the above laser processing for a thin film body, the operation is described using the 
following Figure 1 and Figure 2. 

In a first practical example, as the solid state laser oscillator 6, a Q switch oscillator of 
YAG laser is used. Depending on the type of the deposited film 9, the cutting conditions could 
be different. If the thickness of the deposited metal layer 3 is 500 A, and if an average output of 
0.2 W is used for irradiation, without shading off the focus, cutting at a rate of 1 mm/sec with a 
width smaller than 50 \im can be achieved. 

In a second practical example, as the solid state laser oscillator 6, a continuous oscillator 
of a YAG laser is used. In this case, if an average output of 6 W is irradiated without shading off 
the focus, a cutting at a rate of 300 mm/sec with a width smaller than 50 nm can be achieved. 

In the first and second practical examples, a YAG laser is used. Of course, other solid 
state lasers can also perform the cutting. Moreover, the mode can be either the basic mode or 
multimode. 

Effects of the Invention 

As described above, the present invention allows for cutting with a small width or boring 
a deposited film by performing cutting or boring of the deposited film using a solid state laser. 

4. Brief Legends to the Figures 

Figure 1 shows the relationship between the section of the deposited film and the 
intensity of the beam during the process of the laser processing of the present invention. Figure 
2 illustrates the laser processing of the present invention. 



Figure 1 



Figure 2 
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1 . solid state laser beam 

2. resin film 

3 . deposited metal 

4. curve showing changes of beam intensity strength 
6. solid state laser oscillator 

9. deposited film 
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ABSTRACT: 

PURPOSE: To permit fine processing for a thin film body by forming a 
metallic layer by vapor deposition on the surface of the thin film body then 
cutting or boring the vapor deposited film by using a solid laser. 

CONSTITUTION: After the vapor deposited metallic layer 3 is formed on the 
surface of a resin film 2, the resin film 2 is subjected to fine processing 
such as cutting or boring by using a YAG laser beam 1 . The vapor deposited 
metal 3 is removed at the point where the beam intensity 4 is larger than the 
threshold value 5 when the laser beam 1 is gauss mode. The resin film 2 is 
given the quantity of heat during the melting or evaporation of the vapor 
deposited metal 3 and is thereby cut or bored. The fine processing for the 
thin film body by the solid laser is thus made possible. 
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